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DEVELOPMENT OF AN IN VITRO PROCEDURE
TO DETERMINE RUMINAL AVAILABILITY OF PROTEIN
C. K. Schoenholz,J. S.Drouillard,
E. C. Titgemeyer,andC. K. Armendariz
Summary
A seriesof in vitroexperimentswas placedintonylonbagsandsuspendedinthe
conductedtodeterminetheruminalavailabil- rumen for digestion.Althoughsomewhat
ityofproteinfromgrains.Procedureswere expensiveandlabor-intensive,itassessesthe
basedonassumptionsthat1)ruminalavail- proteinavailabilityforavarietyof feedstuffs.
abilityofproteinisfirst-limitingtomicrobial However,questionshavebeenraisedabout
growth,2) accumulationof microbialcells thein situprocedureforfeedstuffsthatare
accuratelypredictsruminalproteinavailabil- low in protein. Ourobjectivewasto de-
ity, 3) cytosinecanbeusedto accurately velop a methodfor measuringruminally
estimatemicrobialcellmass,and4)cytosine degradableproteinthatwouldbeappropriate
ispresentinmicroorganismsbutnotinfeeds. forallfeedstuffs,regardlessofproteinlevel.
Cytosinecontentof in vitrocultureswas
measuredbyhighperformanceliquidchroma-
tography.Earlyexperimentsdeterminedthat
adding0.75gsolublestarchprovidedenough Samplesof variousfeedstuffs(0.5g)
energythatculturegrowthdependedon weremeasuredinto50-mlcentrifugetubes.
availableprotein.In thefinalexperiment, A 30-ml aliquotof a mixtureof rumen
microbialcytosinewasmeasuredforseveral fluid/McDougall’sbufferwasaddedtoeach
processedgrainsandfor gradedlevelsof tube. Thetubeswereflushedwithcarbon
sodiumcaseinate(asastandardforcompari- dioxide,sealedwithone-wayvalverubber
son).Cytosineincreasedassodiumcaseinate stoppers,andallowedto incubatefor 12
levels increased. Heat-processedgrains hoursat39C. At theendof theincubation
yieldedlesscytosinethangrainsprocessed period,the microbialfermentationwas
withoutheat.Cytosineaccumulationduring stoppedbyadding0.1mlformalinandrefrig-
in vitrofermentationprovidesausefulmea- eratingthetubes.Solidswereharvestedby
sureofruminalproteinavailability. centrifugingfor 15minutesat30,000x g.
 The resultingpelletwasdriedin a 55C
(KeyWords:Cytosine,ProteinDegradability, forced-airovenfor48hours.Thedryresidue
MicrobialGrowth.) washydrolyzedinperchloricacid,andhigh
Introduction
Theproportionofdietaryproteinthatis Experiment1. Dry-rolledwheat,grain
ruminallydegradablevs.undegradableis a sorghum,andcornwerepreparedbycrack-
componentof modernrationformulation ing wholekernelsandthengrindingthem
systems.Proteindegradabilitycanbemea- througha1-mmmeshscreen.Steam-flaked
suredinnumerousways;themostcommonis
the in situprocedure,in whichfeedsare
ExperimentalProcedures
o
o
performanceliquidchromatographywasused
tomeasurecytosine.All feedsampleswere
runinquadruplicate.
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corn wassimulatedbyautoclavingcornfor Experiment1. Microbialgrowthwas
45minutesunderdrysteam,thengrinding higher(P<.05)forsamplescontainingsoluble
througha1-mmmeshscreen.High-moisture starch,indicatingthatenergy,notprotein,
cornwasproducedbyreconstitutingcracked wasfirst-limiting.Microbialgrowthreached
corn,allowing4weeksforfermentation,and a maximumat12hoursof fermentation,so
thengrindingthrougha 1-mmmeshscreen thisincubationperiodwasused.
using dry ice. Dry sampleswerekeptin
sealedbagsatroomtemperature.Wetsam- Experiment2. As thelevelof starch
ples werekeptfrozenin sealedbags.Pure supplementationncreased,cytosinecontent
solublestarchwasusedas a control(an increasedin alinearmanner(P<.01),indicat-
energysourcewithoutprotein).Incubations ing thatmicrobialgrowthwasstimulated.
of 3,6,9,12,and24hoursweretestedto Cytosineamountsalso increased(P<.01)
determineappropriatefermentationtimesfor whensodiumcaseinatewasaddedtofermen-
microbialgrowth. tation samples.No interactiveeffects
Experiment2. Previouslygroundwheat addedincombination.
andgrainsorghumsampleswerecombined
with0.25or0.5gsolublestarchtodetermine Experiment3. Addingsolublestarchat
if thefermentationsystemwasenergydefi- levelsabove0.5 gramshadno effecton
cient. Grainsamplesalsoweresupple- microbialgrowth(P>.7),soenergywasno
mentedwithsodiumcaseinate(0.05g) to longerlimitingabovethelevel. Cytosine
determinetheeffectofdegradableproteinon
microbialgrowth.Sampleswithoutadditives
servedascontrols.
Experiment3. Thegroundwheatand
grainsorghumusedinexperiments1 and2
weresupplementedwithidenticalcaseinate
levels.Inthisexperiment,solublestarchwas
addedat0.5,0.75,or 1.0g toevaluatef-
fectsofenergyadditiononmicrobialgrowth.
Experiment4. Samplesof wheatand
corn wereautoclavedto simulateflaking.
Samplesofautoclavedwheatandcornwere
comparedtothesamegrainsdryrolledwith-
outheat.Samplesofsoybeanmealandnon-
enzymaticallybrownedsoybeanmeal(ahigh
escape proteinsource)also weretested.
Sodiumcaseinate,a proteinsourcethatis
completelyrumen-degradable,wasusedto
developastandardcurve.Starchwasadded
toallincubationsat0.75gpertubetoensure
thatenergywasnotlimiting.
ResultsandDiscussion
occurredwhencaseinateandstarchwere
increased(P<.01)whensodiumcaseinatewas
addedtograinsamples,indicatingthatmicro-
bial growth was respondingto added
degradableprotein.
Experiment 4. Microbial growth
increased(P<.05)withadditionsof sodium
caseinateup to levelsof about0.03g of
protein(Fig. 1). Thus,theavailabilityof
proteinappearedto be limitingmicrobial
growth. Cytosineconcentrationsresulting
fromfermentingdry-rolledwheatandsoy-
beanmealweresignificantlyhigher(P<.01)
than thosefromautoclavedwheator the
nonenzymaticallybrownedsoybeanmeal,
indicatingthatheatprocessinginthosefeeds
decreasedtheavailabilityofproteintorumen
microbes.Cytosinecontentswerenumeri-
cally, butnotsignificantly,higherfor dry-
rolledthanautoclavedcorn. This in vitro
procedurecurrentlyis beingappliedto a
widerrangeof feedstuffsorfurthervalida-
tion.
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AC=autoclavedcorn;DRC=dry-rolledcorn;AW=autoclavedwheat;DRW=dry-rolledwheat;a
NEBSBM=nonenzymaticallybrowned(highescape)soybeanmeal;SBM=soybeanmeal;
casein=sodiumcaseinate.
Numbersfollowingabbreviationsdisplaymgofcrudeproteinprovidedbysamples.b
Figure1. AverageCytosineContentsafterFermentationof ProcessedFeedsand
AdditionsofGradedLevelsofSodiumCaseinate.
